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Abstract 
The paper presents a quality assessment method for paint coating surfaces. The method is based on the electron microscopy 
application to obtain paint coating quality coefficient, to expand representative domain about factors effect on the formation, 
coating distribution in the structure of the substrate and to develop a method of quantitative evaluation of coverage indicator. 
Practical implementation is demonstrated by assessing the quality of the paint coating applied by printing method on the 
packaging in the form of conventional images, symbols and signs of the protective and information functions. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Omsk State Technical University. 
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1. Introduction 
During single- or multicolour coatings on various types of materials by printing methods, coating quality must 
meet the requirements ISO 126472:2004 [1]. For a number of reasons, such as high coverage roughness preventing 
the paint coating integrity, this condition is not always satisfied, which results in defective products. 
Given that the quality assessment of entire paint coating area poses a significant challenge, it is advisable to use a 
coverage coefficient (Ccov). Coverage refers to the ability of paint to make the substrate color or color differences 
invisible. The print quality is considered to be proper if the ink coat completely covers solid print. 
Standard methods for paint coating coverage determining are: visual, instrumental and instrumentally 
mathematical described in [2]. For a number of reasons – high labor-intensive characteristic, dependence on the 
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expert qualifications, lack of concepts about paint image formation – they do not provide an objective quantitative 
assessment of the coefficient. 
Improvement of existing methods for coverage assessing and development of new approaches to solving this 
problem is both of scientific and practical interest. Special characteristics study of paint coating formation on 
materials with different surface texture, assessment of surface texture parameters and identifying their relationship 
with the coverage coefficient seems urgent and they are the aim of the study. 
2. Study subject 
The subject of the study are coating with black paint TOYO Tianjin Ink Orion, applied by offset printing on the 
packaging: 
x chemical board with a two-layer clay coating of the top side (sample 1);  
x chemical board from the primary fibers with dual coating of the top side (sample 2). 
3. Methods 
For a quantitative and qualitative assessment of the surface quality and the paint coating we used criteria: surface 
roughness; components surfacing in the paint composition of the substrate surface and volumetric layers; paint 
coating coverage. 
Surface microscopic examination before and after paint coating application was carried out with a scanning 
electron microscope JSM 7500F (Jeol) in detecting secondary electrons mode at accelerating voltages from 0.5 to 2 
kV and Quanta 200 in low vacuum mode with an accelerating voltage of 11kV. The study of the paint coating – 
substrate border line and paint composition surfacing in the substrate surface and volumetric layers – was carried out 
based on SEM-images of cross-sectional samples,  elemental analyses was carried out using EDS X-Max80 Oxford 
at an accelerating voltage of 10 kV and a beam current of 2·10-9 А [3]. 
 Performance assessment of surface microgeometry was made using a laser scanning confocal microscope 
KEYENCE VK-9700 Generation II, allowing for the non-contact measurement by obtaining three-dimensional 
points coordinates of the surface texture by laser scanning of the substrate test sample. To describe and specify the 
surface structure we applied phenomenological characteristics which are defined in terms of microgeometry and 
classical statistics [4]. 
To evaluate the coverage paint coating we proposed the technique, which algorithm is a part of the automated 
system development for forecasting the paint coating quality. The basis of the assessment method of coverage paint 
coating is finding microareas (pixels) of the control paint coating macroarea and calculating the percentage ratio of 
the paint coating pixels to the total number of pixels of the paint coating original digital image of the control 
macroarea. 
Coverage completeness is defined by precursory scanned prints. In the first stage, the paint coating area is 
highlighted, icon Crop Tool is used to cut paint coating macroarea with an amount of microareas equal to or more 
than n. Preview window menu can also be used to highlight the macroarea as scanning area. For multicolour coating 
a pixel search of the control macroarea paint coating is carried out by separate colors. Once the necessary part is 
selected, we find the pixels value that the selected image has on the print digital copy. 
The algorithm of the paint coating assessment method is implemented in software product using programming 
environment Microsoft Visual Studio 2010 and the programming language C#, designed for the Windows platform 
using Framework 4.0. For the particular case of multicolour paint coating, for example in applying signs, symbols 
and images performing the information role of the packaging, coverage assessment  is carried out gradually after 
each color application. Once the image is read, the coverage coefficient is calculated as the ratio of pixels number of 
the paint coating control digital image to pixels number of the paint coating original digital image of the control 
area, taken as the full (100%) of the paint coating.  
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4. Results and discussion 
SEM–images of the paint coating surface on the packaging materials with different textures are shown in Fig. 1. 
Electron microscopy paint coating analysis revealed nonconformity of the coating to the requirements of  ISO 
126472:2004 [1], namely the presence of pores (Fig. 1 b,c), unprinted areas (Fig. 1 d), that is a so-called partial 
coverage of the paint coating. 
Uneven or partial surface paint coating is caused by several reasons, which are due to: 
x the defects on the original surface; 
x heterogeneity of texture and surface layer, due to the coarse fiber clusters (Fig. 1, b);  
x technological deviations in the printing process. 
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Fig.1. SEM-images of the surface with different textures: (a), (b) substrate microstructure; (c), (d) - paint coating with unprinted areas. 
The extent and scale of surface heterogeneity is represented on a typical picture of surface samples D3 images 
(Fig. 2, 3). Bulges and cavities are visualized on the surface. Heterogeneous surface dimensions have a degree of 
several microns, which is critical as an average paint layer thickness is 2.01.5 microns. 
 
   
а b c d 
Fig.2. Morphology and microprofile of the surface (sample 1): two-dimensional image (a); three-dimensional image (b, c); profile in the line of 
surface crosssection (d). Scanned field is (5x5) 10-4 m.  
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Fig.3. Morphology and microprofile of the surface (sample 2): two-dimensional image (a); three-dimensional image (b, c); profile in the line of 
surface crosssection (d). Scanned field is (5x5) 10-4m.  
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Samples surface roughness indicators are shown in Table. 1. 
Table 1. Surface roughness indicators. 
Samples 
 
Peak-to-peak height, μm Arithmetic average surface 
roughness,  μm 
Peak height,  Ten point height of 
irregularities, μm 
Sample 1 
Sample 2 
1.93±0.01 
2.24±0.01 
0.50±0.01 
0.71±0.01 
1.54±0.01 
1.63±0.01 
3.48±0.01 
3.87±0.01 
 
Texture heterogeneity, characterized by the surface profile (Fig. 2, d), results in an uneven paint absorption in 
various surface areas and formation of spotted paint coating and deterioration in coating quality as a whole (Fig. 1, 
c, d). 
Loss of the paint picture elements is caused by: 
x open pores on the substrate surface, which size on some samples can be up to several tens of microns, as in Fig. 4 
а where the printing paint partially fills the hole in the surface layer;  
x microcracks (Fig. 4, b) and formations with teardrop or round shape, a size up to several microns with a clearly 
observable facet connected with local microscopic particles that pollute the surface (Fig.4, c). 
The different character of the paint components composition formation and distribution in the surface and 
volumetric layers of the material structure is confirmed by the data obtained by the electron microscopy and energy 
dispersive analysis methods (Fig. 5). 
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Fig.4. ( а) SEM-image of the open pore on the substrate paint coating; (b) microcracks in the paint coating; (с) drop-shaped and round formations 
in the paint coating. 
It is noted that the solid phase concentration in the paint composition in its constituents distribution in the surface 
layers of the substrate microporous surface (sample 1, Fig. 5, a) is higher than in the volumetric layers, and more 
uniform in comparison to the macroporous substrate (sample 2, Fig. 5, b). 
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Fig. 5. SEM  images of cross sections of sample 1 (a) and 2 (b) coated with a paint layer, (c) - EDS carbon dispersion map in the sample volume 
1 coated with paint layer (white image areas at the top are the carbon in the paint, at the bottom is in the paper composition). 
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Estimating relationships between paint coating coverage coefficient and microgeometry surface Ra indicators 
(arithmetic average surface roughness) showed that there is a strong correlation ratio, confirming that the surface 
properties have a direct effect on the process of paint coating and its quality. With increasing of the surface 
roughness Ra amplitude index the paint coating coverage decreases, all other conditions being equal (Tab. 2). 
Table 2. Paint coating coverage coefficient. 
Sample characteristics Ra, μm Ccov,  % 
chemical board with a two-layer clay coating of the top side   0.50 ± 0.01 97.34 ± 0.02 
chemical board from the primary fibers with dual coating of the top side   0.71 ± 0.01 95.06 ± 0.02 
5. Conclusion 
A study of packaging materials surface coatings has been carried out. The complex method of coatings quality 
assessing has been developed, the first stage being the paint and the surface quality assessment using electron 
microscopy methods, the second phase is coverage assessment. Procedure refers to the methods of non-destructive 
testing and has a quantitative coating quality assessment.  
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